Introduction
============

Oceans cover ∼70% of the Earth\'s surface and contribute to a majority of primary aerosol emissions known as sea spray aerosol (SSA).[@cit1] SSA can affect the Earth\'s radiative balance by scattering or absorbing solar radiation.[@cit2] It can also act as cloud condensation nuclei (CCN).[@cit3] SSA is comprised of a variety of organic compounds, salts and biological species, depending on the specific aerosol size range.[@cit1],[@cit4] In the supermicron size range, a large number of the particles that make up SSA are mostly comprised of salts although their surfaces are often coated by surfactants, such as long-chain fatty acid.[@cit5] Long-chain fatty acids are ubiquitous in nature and are highly surface-active molecules due to their hydrophobic tails and hydrophilic headgroups. These molecules are present at the ocean surface and they can be incorporated into SSA upon bubble bursting.[@cit6]--[@cit8] The most prevalent long-chain fatty acid in SSA are palmitic and stearic acid, comprising more than two-thirds of the fatty acids present in SSA.[@cit5] Furthermore, there is a selective enrichment of Ca^2+^ compared to other cations present that can transfer along with these surface-active components due to binding interactions with the carboxylate headgroups.[@cit9]

Fatty acid organic coatings on aerosol surfaces can affect the chemical, physical and optical properties of the aerosol particles.[@cit10]--[@cit12] Therefore, the stability of surfactant organic thin films can also impact the surface properties of aerosols. For example, the ordering of organic coated interfaces can affect the transfer between the gas and the aqueous phase as in the case of water evaporation and solubilization of trace gases.[@cit11] In particular, highly ordered organics on the surface can prevent the transport of volatile organics as well as decrease the evaporation of water through the surface leading to an increased aerosol lifetime.[@cit13],[@cit14] If the organic film is destabilized, leading to a loss of order, the aerosol can be more permeable to water, which can impact the overall size of the particle as a function of relative humidity.[@cit15]

Very recent studies, based mostly on mass spectrometry techniques, have shown the importance of the photochemistry of shorter chain fatty acids, namely nonanoic acid, in the presence and absence of a photosensitizer in generating more oxidized, functionalized and unsaturated compounds in the gas and aqueous phases.[@cit16]--[@cit19] It has been suggested that this photochemistry, both direct excitation of the fatty acid and excitation through photosensitized reactions, can lead to an abiotic source of precursors for secondary organic aerosol formation in the atmosphere.[@cit10],[@cit16],[@cit17] However, in a more recent study, Rapf *et al.* showed that shorter chain fatty acid and fatty alcohols such as nonanoic acid, hexanoic acid, nonanol and hexanol can undergo photochemical reactions *only* in the presence of α-keto acids that act as radical initiators and that direct photochemical reactions of these acids and alcohols did not occur.[@cit20] Thus, although it is clear that photochemistry can be important in reactions within atmospheric aerosols,[@cit21] some questions remain about the photochemistry of fatty acids and the direct excitation mechanism.

Given the importance of both photo-initiated processes in atmospheric chemistry and the stability of organic films at aerosol surfaces, we aim here to better understand the impact of solar radiation on the stability of palmitic acid, one of the dominant long-chain fatty acids present in SSA, at the air/salt water interface in the presence and absence of a photosensitizer using surface sensitive techniques including surface pressure--area isotherms along with infrared reflection absorption spectroscopy (IRRAS). Langmuir monolayers have been used as a proxy for aerosols coated with fatty acids in various studies and surface isotherms can provide structural information, as well as the packing density, of the monolayer present at the air/water interface.[@cit13],[@cit22]--[@cit25] Using a Langmuir trough, the stability of these palmitic acid monolayers with and without a photosensitizer in the presence of salts such as NaCl and CaCl~2~ found in the ocean is investigated. Humic acid was chosen as the photosensitizer for this work as it represents chromophoric dissolved organic matter (cDOM), natural photosensitizers found in seawater, that have been found to concentrate on the sea surface.[@cit17],[@cit26] These photosensitizers are also expected to get into the aerosol phase. To our knowledge, this is the first study of the stability of palmitic acid monolayers, or any fatty acid monolayer, at the air/salt water interface with a photosensitizer and simulated solar radiation using surface sensitive probes.

Experimental methods
====================

Palmitic acid (\>99%) and humic acid were purchased from Sigma Aldrich and were used without further purification. Chloroform (\>99.9%) was purchased from Fisher Scientific. The chloroform was used to prepare 1 mg mL^--1^ palmitic acid solution. Milli-Q water with an electric resistance of 18.2 MΩ was used. CaCl~2~ and NaCl salts were purchased from Fisher Scientific and were purified by baking at 500 °C overnight and filtering twice with a Whatman Carbon-Cap activated carbon filter (Whatman Carbon Cap 75, Fisher Scientific) to remove organic contaminants that are known to be surface-active. The final concentrations of the salt solutions were obtained by Mohr titration.

A computer-controlled film balance with a Langmuir trough (KSV NIMA LB, S/N AAA100505) enclosed in a dry air purged plexiglass chamber was used for these experiments. Irradiation experiments were performed using a solar simulator (Newport Corporation, Oriel LCS-100) equipped with a 100 W Xe arc lamp. A water filter was placed after the lamp to cut off infrared radiation. The spectral output of the lamp is comparable to that of the solar spectrum and provides irradiation in an area of approximately 4 cm by 7 cm with a power density of 160 to 170 W m^--2^. The spectral output of the simulator is shown in Fig. S1.[†](#fn1){ref-type="fn"} The temperature of the solution in the trough was controlled using a water circulator (Beckman Geneline Cooler). The pH of the subphase ranged from 5 to 6. These pH values lie in the range of aerosol acidity.[@cit27],[@cit28] We used six different subphases for our experiments: CaCl~2~ solution (0.005 M), NaCl solution (0.5 M), humic acid (10 mg L^--1^) with CaCl~2~ (0.005 M) solution, humic acid (10 mg L^--1^) with NaCl (0.5 M) solution, a mixture of salt solutions (0.005 M CaCl~2~ and 0.5 M NaCl) and humic acid (10 mg L^--1^) with a mixture of salt solutions. The concentrations were chosen to be close to sea water concentrations.

Palmitic acid in chloroform was injected onto the subphase in the trough using a microsyringe (10 μL). After the injection of palmitic acid, the monolayer was left for 20 minutes to allow the evaporation of the solvent. Monolayer stability was investigated in different ways including area and pressure relaxation measurements. For area relaxation measurements, the palmitic acid monolayer is held at a constant surface pressure and the change in molecular area is recorded over time. In particular, for these experiments, the monolayer was held at 25 mN m^--1^ for ∼3 hours. This surface pressure was chosen since the monolayer is in a condensed phase with fatty acids concentrated at the interface, and it allows full utilization of the irradiation area. Irradiation was started 10 minutes after reaching the surface pressure of 25 mN m^--1^. For pressure relaxation experiments, the monolayer was held at a particular molecular area/barrier position corresponding to a certain surface pressure and the change in surface pressure with time was measured. For these experiments, an isotherm was collected up to 25 mN m^--1^ and the monolayer was then expanded after obtaining the isotherm. After 10 minutes, the second isotherm was held at a mean molecular area corresponding to an initial surface pressure of 25 mN m^--1^ for ∼3 hours. Irradiation was started after holding the monolayer for 10 minutes. All of these experiments were done both in the dark and under simulated irradiation with replicate measurements performed. Errors reported are from these replicate measurements.

[Fig. 1](#fig1){ref-type="fig"} shows a schematic of the IRRAS setup. The IR beam exits from an external port of an infrared spectrometer (Bruker Tensor 37). The incident beam is directed onto the aqueous solution surface in the Langmuir trough at a 30° angle from the surface normal using a gold mirror. The reflected beam is then collected by another gold mirror and is sent to the MCT detector (Infrared Associates Inc., mid-band with a ZnSe window). Each IRRAS spectrum is a collection of 300 scans taken at a spectral resolution of 8 cm^--1^. IRRAS spectra were collected at two time points: as soon as irradiation started (after 10 minutes of holding for non-irradiation experiments), and after 3 hours of irradiation (after 3 hours and 10 minutes of holding for non-irradiation experiments). Due to low signals and water interference in other regions, here we will focus on the results obtained in the C--H stretching region. For these IRRAS spectra, reflectance--absorbance (RA) is plotted as a function of wavenumber, whereand *R* is the reflectance of the monolayer and *R*~0~ is the reflectance of the solution in the absence of the monolayer. The reflectance decreases when light is absorbed by molecular species and therefore negative peaks appear in the spectrum.

![Experimental setup showing the IRRAS as well as the Langmuir trough.](c8sc01957f-f1){#fig1}

The same sample preparation protocol was used for sum frequency generation (SFG) measurements. A salt solution was loaded in a Petri dish, and the palmitic acid solution was injected onto the subphase using a microsyringe. Before beginning the SFG measurements, the sample was equilibrated for 20 min for the solvent to evaporate. The powers of the 800 nm and mid-IR beams used are 0.5 μJ and 1 μJ, respectively, with an exposure time of 5 min.

Results and discussion
======================

Palmitic acid monolayers on salt water surfaces
-----------------------------------------------

[Fig. 2a](#fig2){ref-type="fig"} shows a surface pressure--area isotherm of the palmitic acid monolayer on a NaCl subphase. This isotherm has been discussed in detail previously.[@cit29] Briefly, the phase transitions in the palmitic acid isotherm from higher to lower mean molecular area (MMA) are gas and tilted condensed (G-TC) coexistence phase, tilted condensed (TC) phase, and untilted condensed (UC) phase, respectively, as indicated in [Fig. 2a](#fig2){ref-type="fig"}. After the UC phase, the monolayer collapses with decreasing MMA. [Fig. 2b](#fig2){ref-type="fig"} shows the IRRAS spectra at different surface pressures (0, 10 and 25 mN m^--1^) representing various phases of the palmitic acid monolayer at the air/salt water interface. The IRRAS results for the palmitic acid monolayer reveal 3 peaks at 2854 cm^--1^, 2919 cm^--1^ and 2960 cm^--1^ that correspond to the methylene symmetric, methylene asymmetric and methyl asymmetric stretches, respectively. [Fig. 2b](#fig2){ref-type="fig"} shows that increasing the surface pressure, which leads to a more ordered monolayer and a higher surface coverage in the infrared beam path, can increase the IRRAS spectral intensity. In addition, [Fig. 2c](#fig2){ref-type="fig"} displays the SFG spectrum obtained for the palmitic acid monolayer on the NaCl subphase in a condensed aqueous phase. The SFG setup used for this experiment has been described in Xiang, Li *et al.*[@cit30] SFG spectroscopy is interface sensitive and has been previously employed to study atmospherically relevant systems at air/water interfaces.[@cit31]--[@cit35] The ssp-polarized SFG spectrum in [Fig. 2c](#fig2){ref-type="fig"} contains two peaks at 2870 cm^--1^ and 2940 cm^--1^ and can be assigned to the methyl symmetric stretch and methyl fermi resonance, respectively, based on the assignment of Tang *et al.*[@cit29] The SFG spectrum further confirms the presence of palmitic acid molecules at the air/salt water interface. The difference in IRRAS and SFG spectra in the C--H stretching region could be due to differences in the symmetry selection rules between the two spectroscopic techniques.

![(a) Surface pressure--area isotherm of a palmitic acid monolayer on NaCl (aq) showing various phases: gas and tilted condensed (G-TC); tilted condensed (TC); and untilted condensed (UC). (b) IRRAS spectra of palmitic acid on NaCl (aq) at specified surface pressures. (c) SFG spectrum of palmitic acid on NaCl (aq). (d) Normalized area (MMA/MMA~0~) relaxation curve at a constant surface pressure of 25 mN m^--1^ and (e) normalized pressure (π/π~0~) relaxation curve at a MMA corresponding to a pressure of 25 mN m^--1^ of the palmitic acid monolayer on NaCl. In the relaxation curves, time = 0 when the holding of the monolayer begins.](c8sc01957f-f2){#fig2}

The curves of the palmitic acid monolayer on the NaCl subphase for area and surface pressure relaxation experiments are also shown in [Fig. 2d and e](#fig2){ref-type="fig"}, respectively. When the underlying solution contains salts such as NaCl or CaCl~2~, the cation can bind to the headgroup of palmitic acid as Allen and co-workers have described in detail.[@cit29],[@cit36] Even with large differences in the concentrations of Ca^2+^ and Na^+^, the decay rates of the relaxation curves of the palmitic acid monolayer on NaCl only and CaCl~2~ only (not shown here) were comparable. Although the concentrations of these salts are very different, 0.5 M and 0.005 M for NaCl and CaCl~2~, respectively, the similarity in the observed phenomenon may be due to the stronger binding affinity of Ca^2+^ to COO^--^ compared to Na^+^ as Ca^2+^ can form ionic complexes in a 2 : 1 bridging configuration even at lower concentrations while Na^+^ favors a solvent-separated Na^+^:COO^--^ that has a weaker binding affinity to the COO^--^ headgroup.[@cit29],[@cit35],[@cit36] As shown in [Fig. 2](#fig2){ref-type="fig"}, over time, these monolayers are not stable as there is a gradual decrease in both the area and pressure relaxation curves. This loss of stability has been attributed to several factors including leakage of palmitic acid molecules through the barriers, rearrangement of molecules, three-dimensional nuclei formation and dissolution into the underlying phase.[@cit37],[@cit38]

Palmitic acid monolayers on salt water in the presence and absence of light and a photosensitizer
-------------------------------------------------------------------------------------------------

Changes in the stability of palmitic acid monolayers on salt solutions were monitored using area and surface pressure relaxation curves under different conditions. In particular, the area relaxation curves of palmitic acid monolayers on NaCl and CaCl~2~ with and without humic acid for dark *versus* irradiation experiments are shown in [Fig. 3a and b](#fig3){ref-type="fig"}. Irradiating the palmitic acid monolayers led to an increase in the decay rates of the relaxation curves irrespective of the underlying solutions ([Fig. 3a--c](#fig3){ref-type="fig"}). However, it is evident that a much greater change in the decay rate is observed upon the addition of humic acid to the salt subphase. The relative molecular area decrease (as shown in the bar graph in [Fig. 3c](#fig3){ref-type="fig"}) at 180 minutes in irradiation experiments with respect to dark experiments for humic acid with salts is at least 20% while for salt subphases, the decrease is less than ∼5%.

![Normalized area relaxation curves of the palmitic acid monolayer for both irradiation and no irradiation experiments on the salt mixture (NaCl and CaCl~2~) (a) without and (b) with humic acid. (c) Bar graph showing the decrease in relative area at time = 180 min in irradiation experiments with respect to no irradiation experiments for three different salt subphases in the presence (solid bars) and absence (crosshatched bars) of humic acid.](c8sc01957f-f3){#fig3}

The IRRAS spectra in the C--H stretching region appear similar for palmitic acid monolayers on different underlying solutions in both dark and irradiation experiments. ESI Fig. S2a and S2b[†](#fn1){ref-type="fn"} display the IRRAS spectra of the monolayer on humic acid and a mixture of salts (NaCl and CaCl~2~) with and without irradiation as examples. The difference spectra shown in Fig. S2c[†](#fn1){ref-type="fn"} were obtained by subtracting the intensity of the IRRAS spectra at the beginning of the irradiation (or after holding the monolayer for 10 minutes) from the intensity of the IRRAS spectra after 3 h of irradiation or no irradiation. The difference spectra obtained for dark and irradiation experiments are comparable in terms of intensity. There are only small changes in the intensity in the C--H stretching region for both experiments and this result is expected since the monolayer is held at the same surface pressure throughout both experiments and as shown in [Fig. 2b](#fig2){ref-type="fig"}, the spectral intensity changes only for different surface pressures.

Like the area relaxation curves, the pressure relaxation curves showed similar results for the various underlying solutions in the presence and absence of solar radiation ([Fig. 4a & b](#fig4){ref-type="fig"}). Irradiation experiments display a higher decay rate of the relaxation curves than those in the dark. The biggest change in the decay rate was observed for palmitic acid monolayers when humic acid is mixed with the salts (NaCl, CaCl~2~ or NaCl and CaCl~2~) as seen for the area relaxation experiments ([Fig. 4b](#fig4){ref-type="fig"}). There is also a distinct shift in the slope of the stability curve when the solar simulator is turned on and this trend is only seen for the salt solutions containing humic acid ([Fig. 4b](#fig4){ref-type="fig"} inset).

![Normalized pressure relaxation curves for NaCl and CaCl~2~ (a) without and (b) with humic acid. The inset shows the distinct shift in the slope of the curve upon the start of irradiation. (c) Difference IRRAS spectra obtained for the palmitic acid monolayer on NaCl and CaCl~2~ in humic acid. The difference spectrum (Δ reflectance--absorbance) is the spectrum collected after 3 h of either irradiation or no irradiation minus the spectrum collected initially. Because of the way in which these reflectance spectra are plotted, positive peaks in the difference spectrum reflect *a loss* of light absorbing molecular species.](c8sc01957f-f4){#fig4}

As seen for the area relaxation experiments, the IRRAS spectra for pressure relaxation experiments show three C--H stretches for the palmitic acid monolayer. The difference spectra in [Fig. 4c](#fig4){ref-type="fig"} clearly show that palmitic acid monolayers on salt solutions containing humic acid have a large difference in spectral intensity between light and dark experiments. In contrast, the difference spectra obtained from the experiments containing only the salt do not show much difference in the spectral intensity for monolayers that were irradiated and not irradiated (not shown here). These results in the C--H stretching region indicate that there is a higher loss of palmitic acid from the surface in the presence of a photosensitizer and salts upon irradiation in comparison to the dark experiment.

Models to describe the loss of palmitic acid at the interface
-------------------------------------------------------------

It is thus concluded from both area and pressure relaxation experiments conducted using surface sensitive techniques that irradiated palmitic acid monolayers on salt solutions containing humic acid are significantly less stable than those without. These results suggest that there could be a loss of palmitic acid from the surface at a higher rate upon irradiation and in the presence of humic acid. There are two theoretical models that can be applied to understand the expulsion of fatty acids from the surface: (1) nucleation and (2) dissolution. Nucleation theory by Vollhardt *et al.* is based on the formation of a 3-dimensional solid phase at the air/water interface.[@cit37] Dissolution of interfacial molecules into the underlying solution can be driven by differences in chemical potential.[@cit38] These two models yield different-shaped area relaxation curves, monotonic *versus* S-shaped for dissolution and nucleation, respectively.[@cit38] In the current study, the area relaxation curves obtained for our experiments are monotonic and not S-shaped, which means that the dissolution model is the more relevant one. Thus, the dissolution model is used to fit these curves to get a better understanding of the stability behavior of the palmitic acid monolayers with and without irradiation.

Accordingly as discussed in Patil *et al.*, the desorption kinetics of fatty acids changing with time in area relaxation experiments can be fitted to a two stage model.[@cit39] In particular, ln(MMA/MMA~0~) decreases linearly with *t*^1/2^ and *t* at the initial and later stages, respectively. The desorption coefficients are as follows:

In order to understand and quantify the kinetics observed in these experiments, we used the area relaxation curves obtained for palmitic acid monolayers on various subphases for dark and irradiation experiments. It must be noted that the irradiation was started after holding the monolayer for 10 min at a constant surface pressure; so, only the kinetics for the later stages is measured from our results. We thus replotted the curves obtained for palmitic acid monolayers on different salt subphases with and without humic acid (for dark and irradiation experiments) as ln(MMA/MMA~0~) *versus* time to calculate the slope which is equal to --*k*′2. The desorption coefficients for the non-irradiation and irradiation experiments and their ratios for all the subphases are shown in [Table 1](#tab1){ref-type="table"}. It can be observed from [Table 1](#tab1){ref-type="table"} that the ratios for irradiation over no irradiation rate constants (light compared to dark) are close to 1 for salt subphases while the ratios are at least 3 and above when humic acid is added to the salt subphases. These results indicate that compared to dark experiments, palmitic acid monolayers are considerably less stable upon irradiation with solar radiation *only* in the presence of a photosensitizer, and when humic acid is present, there is a significant increase in the dissolution of interfacial molecules into the underlying salt solution.

###### Rate constants (*k*′2) calculated from the area relaxation curves of the palmitic acid monolayer on various subphases replotted as ln(MMA/MMA~0~) *versus* time for both irradiation experiments (light) and no irradiation experiments (dark).The ratio is that of *k*′2 (light)/*k*′2 (dark)

  Subphases                     *k* ′ 2 (s^--1^)      Ratio                 
  ----------------------------- --------------------- --------------------- -----------
  NaCl                          1.8 ± 0.1 × 10^--5^   1.5 ± 0.1 × 10^--5^   1.2 ± 0.1
  NaCl + humic acid             3.6 ± 0.5 × 10^--5^   1.2 ± 0.1 × 10^--5^   3.0 ± 0.5
  CaCl~2~                       1.4 ± 0.1 × 10^--5^   8.3 ± 0.1 × 10^--6^   1.6 ± 0.2
  CaCl~2~ + humic acid          3.7 ± 0.1 × 10^--5^   1.2 ± 0.1 × 10^--5^   3.0 ± 0.1
  NaCl + CaCl~2~                1.6 ± 0.3 × 10^--5^   1.4 ± 0.2 × 10^--5^   1.1 ± 0.2
  NaCl + CaCl~2~ + humic acid   2.9 ± 0.3 × 10^--5^   8.3 ± 0.1 × 10^--6^   3.5 ± 0.5

There can be various reasons for the increased dissolution rate. Temperature changes could lead to increased solubility of palmitic acid into the subphase. However, when we performed control experiments, neither increasing nor decreasing the temperature of the trough with or without irradiation had any effect on the decay rate of the area relaxation curve (Fig. S3[†](#fn1){ref-type="fn"}). Similarly, an increase of the subphase pH has also been suggested to contribute to higher dissolution of the fatty acid monolayer.[@cit38] In our case, the pH did not change upon irradiation, which rules out changes in pH as a possible reason for the increased dissolution. Therefore, another mechanism must be operative for the loss of stability that involves interfacial photochemistry which occurs upon initiation by the photosensitizer in the underlying salt solution. A mechanism for this interfacial photosensitized chemistry is discussed in more detail below.

Oxygenation of palmitic acid monolayers and product dissolution into the subphase
---------------------------------------------------------------------------------

It is well known that light absorption by humic acid can produce a variety of reactive species such as OH, ^3^HA\*, ^1^O~2~, and O~2~^--^.[@cit40],[@cit41] These reactive oxygen species along with excited humic acid can react with fatty acids, including palmitic acid molecules, at the interface resulting in various photochemical degradation pathways. It is proposed here that photosensitized reactions of palmitic acid at the interface form fewer surface-active species that dissolve into the bulk, which leads to higher rates of loss of molecules from the interface. Since the addition of humic acid to the salt subphase slightly shifts the isotherm of the palmitic acid monolayer to a higher mean molecular area by ten percent, as seen in Fig. S4,[†](#fn1){ref-type="fn"} humic acid is found to be in the near-interfacial region. In particular, hydrogen abstraction of palmitic acid by the excited humic acid at the interface can lead to condensed phase products that can partition into the bulk. Tinel *et al.* recently proposed a mechanism for short chain fatty acid photochemistry at interfaces.[@cit19] In that mechanism, there is the addition of molecular oxygen to the fatty acid radical which forms the peroxy radical that can either fragment to a saturated ketone or form compounds with hydroxyl and carbonyl functional groups.[@cit19] These compounds may continue to react with the excited photosensitizer and upon addition of molecular oxygen to the fatty acid radical, forming more oxidized products, like more highly oxygenated acids. Gas phase products were also reported by Tinel *et al.* for shorter chain fatty acids; however, we did not observe any such products using Chemical Ionization Mass Spectrometry (CIMS) upon irradiating palmitic acid with humic acid and salts. Although the absence of gas phase products can be due to the low concentration of palmitic acid used in the experiments and monolayer coverages, the photo-initiated reaction of palmitic acid forming gas phase products can only be a minor pathway due to the long carbon chain and the low volatility of the products formed. Thus, when palmitic acid is irradiated in the presence of a photosensitizer we propose the formation of more oxidized species that are less surface-active and can more readily dissolve and partition into the bulk salt water subphase.[@cit19] A summary of this proposed mechanism is shown in [Scheme 1](#sch1){ref-type="fig"}.

![Proposed photosensitized reaction scheme for palmitic acid in the presence of humic acid. The triplet excited state of humic acid, ^3^HA\*, is shown to initiate the reaction. The scheme is a modified version of Tinel *et al.* for nonanoic acid in an oxygen rich environment.[@cit19]](c8sc01957f-s1){#sch1}

It is concluded that this photosensitized degradation pathway is the reason for the decreased stability of the monolayer and the higher loss of molecules at the interface upon exposure to solar radiation with a photosensitizer in the salt subphase as shown for the first time by these surface sensitive measurements.

Conclusions
===========

The stability of palmitic acid monolayers on salt solutions with and without a photosensitizer in dark compared to light experiments has been investigated using surface sensitive probes in a Langmuir trough. It was observed that the irradiated monolayers in the presence of humic acid in the near-surface region were significantly less stable due to photosensitized reactions of palmitic acid producing highly oxidized products in the bulk that partition into the underlying subphase. One of the atmospheric implications of this study would be that the fatty acid coating on aerosols with photosensitizers may not be as impermeable to water and other trace gases upon irradiation, which could affect the size and lifetime of marine-derived and other aqueous atmospheric aerosols. The direct photochemistry of palmitic acid is minor and difficult to discern in some cases, and overall not as significant at air/sea water interfaces compared to the photosensitized reaction.
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